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Description

Field of the invention

[0001] This invention relates to a method for compressing a Higher Order Ambisonics (HOA) signal, a method for
decompressing a compressed HOA signal, an apparatus for compressing a HOA signal, and an apparatus for decom-
pressing a compressed HOA signal.

Background

[0002] Higher Order Ambisonics (HOA) offers a possibility to represent three-dimensional sound. Other known tech-
niques are wave field synthesis (WFS) or channel based approaches like 22.2. In contrast to channel based methods,
however, the HOA representation offers the advantage of being independent of a specific loudspeaker set-up. This
flexibility, however, is at the expense of a decoding process which is required for the playback of the HOA representation
on a particular loudspeaker set-up. Compared to the WFS approach, where the number of required loudspeakers is
usually very large, HOA may also be rendered to set-ups consisting of only few loudspeakers. A further advantage of
HOA is that the same representation can also be employed without any modification for binaural rendering to head-
phones.

[0003] HOA s based on the representation of the so-called spatial density of complex harmonic plane wave amplitudes
by a truncated Spherical Harmonics (SH) expansion. Each expansion coefficient is a function of angular frequency,
which can be equivalently represented by a time domain function. Hence, without loss of generality, the complete HOA
sound field representation actually can be assumed to consist of O time domain functions, where O denotes the number
of expansion coefficients. These time domain functions will be equivalently referred to as HOA coefficient sequences
or as HOA channels in the following.

[0004] The spatial resolution of the HOA representation improves with a growing maximum order N of the expansion.
Unfortunately, the number of expansion coefficients O grows quadratically with the order N, in particular O = (N + 1)2.
For example, typical HOA representations using order N = 4 require O = 25 HOA (expansion) coefficients. According to
these considerations, the total bit rate for the transmission of HOA representation, given a desired single-channel sampling
rate fg and the number of bits N, per sample, is determined by O - f5 - N,. Consequently, transmitting a HOA representation
of order N = 4 with a sampling rate of f5 = 48kHz employing N, = 16 bits per sample results in a bit rate of 19.2MBits/s,
which is very high for many practical applications, as e.g. streaming. Thus, compression of HOA representations is highly
desirable. Previously, the compression of HOA sound field representations was proposed in the European Patent ap-
plications EP12306569.0, EP12305537.8 (EP2665208A) and EP133005558.2. These approaches have in common that
they perform a sound field analysis and decompose the given HOA representation into a directional and a residual
ambient component.

[0005] The final compressed representation is assumed to comprise, on the one hand, a number of quantized signals,
which result from the perceptual coding of the directional signals, and relevant coefficient sequences of the ambient
HOA component. On the other hand, it is assumed to comprise additional side information related to the quantized
signals, which is necessary for the reconstruction of the HOA representation from its compressed version.

[0006] Further, a similar method is described in ISO/IEC JTC1/SC29/WG11 N14264 (Working draft 1-HOA text of
MPEG-H 3D audio, January 2014, San Jose), where the directional component is extended to a so-called predominant
sound component. As the directional component, the predominant sound component is assumed to be partly represented
by directional signals, i.e. monaural signals with a corresponding direction from which they are assumed to impinge on
the listener, together with some prediction parameters to predict portions of the original HOA representation from the
directional signals. Additionally, the predominant sound component is supposed to be represented by so-called vector
based signals, meaning monaural signals with a corresponding vector which defines the directional distribution of the
vector based signals. The known compressed HOA representation consists of / quantized monaural signals and some
additional side information, wherein a fixed number O,y out of these / quantized monaural signals represent a spatially
transformed version of the first Oy coefficient sequences of the ambient HOA component Cpyg(k - 2). The type of the
remaining / - Oyy signals can vary between successives frames, and be either directional, vector based, empty or
representing an additional coefficient sequence of the ambient HOA component Cppg(k - 2).

[0007] A known method for compressing a HOA signal representation with input time frames (C(k)) of HOA coefficient
sequences includes spatial HOA encoding of the input time frames and subsequent perceptual encoding and source
encoding. The spatial HOA encoding, as shown in Fig.1 a), comprises performing Direction and Vector Estimation
processing of the HOA signal in a Direction and Vector Estimation block 101, wherein data comprising first tuple sets

MDIR(k) for directional signals and second tuple sets MVEC (k) for vector based signals are obtained. Each of the
first tuple sets comprises an index of a directional signal and a respective quantized direction, and each of the second
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tuple sets comprising an index of a vector based signal and a vector defining the directional distribution of the signals.
A next step is decomposing 103 each input time frame of the HOA coefficient sequences into a frame of a plurality of
predominant sound signals Xpg (k-1) and a frame of an ambient HOA component Cp g (k-1), wherein the predominant

sound signals Xpg (k-1) comprise said directional sound signals and said vector based sound signals. The decomposing
further provides prediction parameters £(k-1) and a target assignment vector v, 1(k-1). The prediction parameters (k-

1) describe how to predict portions of the HOA signal representation from the directional signals within the predominant
sound signals Xpg (k-1) so as to enrich predominant sound HOA components, and the target assignment vector v (k-

1) contains information about how to assign the predominant sound signals to a given number | of channels. The ambient
HOA component Cyyg(k - 1) is modified 104 according to the information provided by the target assignment vector

va 1(k-1), wherein it is determined which coefficient sequences of the ambient HOA component are to be transmitted in

the given number | of channels, depending on how many channels are occupied by predominant sound signals. A
modified ambient HOA component Cy A(k - 2) and a temporally predicted modified ambient HOA component Cp  A(k

- 1) are obtained. Also a final assignment vector vy (k-2) is obtained from information in the target assignment vector
vp 1(k-1). The predominant sound signals Xpg(k-1) obtained from the decomposing, and the determined coefficient
sequences of the modified ambient HOA component Cy; A(k - 2) and of the temporally predicted modified ambient HOA
component Cp \ A(k-1) are assigned to the given number of channels, using the information provided by the final as-
signment vector v 1(k-2), wherein transport signals y;(k - 2), i = 1, ...,/ and predicted transport signals yp (k - 2), i =
1, ..., I are obtained. Then, gain control (or normalization) is performed on the transport signals y;(k - 2) and the predicted
transport signals yp j(k - 2), wherein gain modified transport signals z(k - 2), exponents e;(k - 2) and exception flags (5(k

- 2) are obtained.
[0008] As shown in Fig.1 b), the perceptual encoding and source encoding comprises perceptual coding of the gain

modified transport signals z{k - 2), wherein perceptually encoded transport signals Zl(k - 2), i=1,..,1 are ob-
tained, encoding side information comprising said exponents e;(k - 2) and exception flags g{(k - 2), the first and second

tuple sets MDIR(k) MVEC(k) the prediction parameters §(k-1) and the final assignment vector VAYT(k-Z), and

encoded side information F(k - 2) is obtained. Finally, the perceptually encoded transport signals Z(k - 2) and
the encoded side information are multiplexed into a bitstream.

Summary of the Invention

[0009] One drawback of the proposed HOA compression method is that it provides a monolithic (i.e. non-scalable)
compressed HOA representation. For certain applications, like broadcasting or internet streaming, itis however desirable
to be able to split the compressed representation into a low quality base layer (BL) and a high quality enhancement layer
(EL). The base layer is supposed to provide a low quality compressed version of the HOA representation, which can be
decoded independently of the enhancement layer. Such a BL should typically be highly robust against transmission
errors, and be transmitted at a low data rate in order to guarantee a certain minimum quality of the decompressed HOA
representation even under bad transmission conditions. The EL contains additional information to improve the quality
of the decompressed HOA representation.

[0010] The present invention provides a solution for modifying existing HOA compression methods so as to be able
to provide a compressed representation that comprises a (low quality) base layer and a (high quality) enhancement
layer. Further, the present invention provides a solution for modifying existing HOA decompression methods so as to
be able to decode a compressed representation that comprises at least a low quality base layer that is compressed
according to the invention.

[0011] One improvement relates to obtaining a self-contained (low quality) base layer. According to the invention, the
Ouin channels that are supposed to contain a spatially transformed version of the (without loss of generality) first Oy
coefficient sequences of the ambient HOA component Cpyg(k - 2) are used as the base layer. An advantage of selecting
the first Oy, channels for forming a base layer is their time-invariant type. However, conventionally the respective
signals lack any predominant sound components, which are essential for the sound scene. This is also clear from the
conventional computation of the ambient HOA component Cpyg(k - 1), which is carried out by subtraction of the pre-
dominant sound HOA representation Cpg(k - 1) from the original HOA representation C(k - 1) according to

Camp(k —1) = C(k —1) — Cps(k — 1) (1)
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[0012] Therefore, one improvement of the invention relates to the addition of such predominant sound components.
According to the invention, a solution to this problem is the inclusion of predominant sound components at a low spatial
resolution into the base layer. For this purpose, the ambient HOA component Cpyg(k - 1) that is output by a HOA
Decomposition processing in the spatial HOA encoder according to the invention is replaced by a modified version
thereof. The modified ambient HOA component comprises in the first Oy coefficient sequences, which are supposed
to be always transmitted in a spatially transformed form, the coefficient sequences of the original HOA component. This
improvement of the HOA Decomposition processing can be seen as an initial operation for making the HOA compression
work in a layered mode (also called "dual layer" mode). This mode provides e.g. two bit streams, or a single bit stream
that can be split up into a base layer and an enhancement layer. Using or not using this mode is signalized by a mode
indication bit (e.g. a single bit) in access units of the total bit stream.

[0013] Inone embodiment, the base layer bit stream BBASE(k - 2) only includes the perceptually encoded signals
ii (k - 2), i=1,.., OMIN‘ and the corresponding coded gain control side information, which consists of the expo-

nents efk - 2) and the exception flags g{k - 2), i=1, ..., OyN- The remaining perceptually encoded signals Z(k - 2)
i=Opn * 1, ..., Oand the encoded remaining side information are included into the enhancement layer bit stream. In

one embodiment, the base layer bit stream BBASE(k - 2) and the enhancement layer bit stream BENH (k - 2)

are then jointly transmitted instead of the former total bit stream E(k — 2).

[0014] A method for compressing a Higher Order Ambisonics (HOA) signal representation having time frames of HOA
coefficient sequences is disclosed in claim 1. An apparatus for compressing a Higher Order Ambisonics (HOA) signal
representation having time frames of HOA coefficient sequences is disclosed in claim 10.

[0015] A method for decompressing a Higher Order Ambisonics (HOA) signal representation having time frames of
HOA coefficient sequences is disclosed in claim 7. An apparatus for decompressing a Higher Order Ambisonics (HOA)
signal representation having time frames of HOA coefficient sequences is disclosed in claim 12.

[0016] A non-transitory computer readable medium having executable instructions to cause a computer to perform a
method for compressing a Higher Order Ambisonics (HOA) signal representation having time frames of HOA coefficient
sequences is disclosed in claim 12. A non-transitory computer readable medium having executable instructions to cause
a computer to perform a method for decompressing a Higher Order Ambisonics (HOA) signal representation having
time frames of HOA coefficient sequences is disclosed in claim 13.

[0017] Advantageous embodiments of the invention are disclosed in the dependent claims, the following description
and the figures.

Brief description of the drawings

[0018] Exemplary embodiments of the invention are described with reference to the accompanying drawings, which
show in

Fig.1 the structure of a conventional architecture of a HOA compressor;

Fig.2 the structure of a conventional architecture of a HOA decompressor;

Fig.3 the structure of an architecture of a spatial HOA encoding and perceptual encoding portion of a HOA compressor
according to one embodiment of the invention;

Fig.4 the structure of an architecture of a source coder portion of a HOA compressor according to one embodiment
of the invention;

Fig.5 the structure of an architecture of a perceptual decoding and source decoding portion of a HOA decompressor
according to one embodiment of the invention;

Fig.6 the structure of an architecture of a spatial HOA decoding portion of a HOA decompressor according to one
embodiment of the invention;

Fig.7 transformation of frames from ambient HOA signals to modified ambient HOA signals,

Fig.8 a flow-chart of a method for compressing a HOA signal;

Fig.9 a flow-chart of a method for decompressing a compressed HOA signal; and

Fig.10 details of parts of an architecture of a spatial HOA decoding portion of a HOA decompressor according to
one embodiment of the invention.

Detailed description of the invention

[0019] For easier understanding, prior art solutions in Fig.1 and Fig.2 are recapitulated in the following.
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[0020] Fig.1 shows the structure of a conventional architecture of a HOA compressor. In a method described in ref.[4],
the directional component is extended to a so-called predominant sound component. As the directional component, the
predominant sound component is assumed to be partly represented by directional signals, meaning monaural signals
with a corresponding direction from which they are assumed to impinge on the listener, together with some prediction
parameters to predict portions of the original HOA representation from the directional signals. Additionally, the predom-
inant sound component is supposed to be represented by so-called vector based signals, meaning monaural signals
with a corresponding vector which defines the directional distribution of the vector based signals. The overall architecture
of the HOA compressor proposed in ref. [4] is illustrated in Fig.1. It can be subdivided into a spatial HOA encoding part
depicted in Fig. 1 a and a perceptual and source encoding part depicted in Fig. 1 b. The spatial HOA encoder provides
a first compressed HOA representation consisting of / signals together with side information describing how to create
an HOA representation thereof. In the perceptual and side info source coder the mentioned / signals are perceptually
encoded and the side information is subjected to source encoding, before multiplexing the two coded representations.
[0021] Conventionally, the spatial encoding works as follows.

[0022] In afirststep, the k-th frame C(k) of the original HOA representation is input to a Direction and Vector Estimation

processing block, which is assumed to provide the tuple sets MDIR(k) and MVEC (k) The tuple set MDIR(k)
consists of tuples of which the first element denotes the index of a directional signal and of which the second element

denotes the respective quantized direction. The tuple set MVEC(k) consists of tuples of which the first element
indicates the index of a vector based signal and of which the second element denotes the vector defining the directional
distribution of the signals, i.e. how the HOA representation of the vector based signal is computed.

Using both tuple sets MDIR(k) and MVEC (k), the initial HOA frame C(k) is decomposed in the HOA Decomposition
into the frame Xpg(k - 1) of all predominant sound (i.e. directional and vector based) signals and the frame Cpyg(k - 1)

of the ambient HOA component. Note the delay of one frame, respectively, which is due to overlap add processing in
order to avoid blocking artifacts. Furthermore, the HOA Decomposition is assumed to output some prediction parameters
C(k - 1) describing how to predict portions of the original HOA representation from the directional signals in order to
enrich the predominant sound HOA component. Additionally, a target assignment vector v, 1(k-1) containing information

about the assignment of predominant sound signals, which were determined in the HOA Decomposition processing
block, to the / available channels is assumed to be provided. The affected channels can be assumed to be occupied,
meaning they are not available to transport any coefficient sequences of the ambient HOA component in the respective
time frame.

In the Ambient Component Modification processing block, the frame Cppg(k - 1) of the ambient HOA component is
modified according to the information provided by the tagret assignment vector v, r(k-1). In particular, it is determined

which coefficient sequences of the ambient HOA component are to be transmitted in the given / channels, depending,
amongst other aspects, on the information (contained in the target assignment vector v t(k-1) about which channels

are available and not already occupied by predominant sound signals. Additionally, a fade in and out of coefficient
sequences is performed if the indices of the chosen coefficient sequences vary between successive frames.

Furthermore, it is assumed that the first Oy, coefficient sequences of the ambient HOA component Cpyg(k - 2) are
always chosen to be perceptually coded to be and to be transmitted, where Oy = (Nyyn + 1)2 with Ny < N being

typically a smaller order than that of the original HOA representation. In order to de-correlate these HOA coefficient
sequences, it is proposed to transform them to directional signals (i.e. general plane wave functions) impinging from
some predefined directions Qun g d = 1,..., Oyn- Along with the modified ambient HOA component Cy a(k - 1) a

temporally predicted modified ambient HOA component Cp  a(k - 1) is computed to be later used in the Gain Control

processing block in order to allow a reasonable look ahead.

The information about the modification of the ambient HOA component is directly related to the assignment of all possible
types of signals to the available channels. The final information about the assignment is assumed to be contained in the
final assignment vector vp 1(k-2). In order to compute this vector, information contained in the target assignment vector

vp 1(k-1) is exploited.

The Channel Assignment assigns with the information provided by the assignment vector v, 1(k-2) the appropriate
signals contained in Xpg(k - 2) and that contained in Gy A(k-2) to the / available channels, yielding the signals yj(k - 2),
i=1, ..., I. Further, appropriate signals contained in Xpg(k - 1) and that in Cp App(k - 1) are also assigned to the / available
channels, yielding the predicted signals yp (k- 2), i =1, ..., I.

Each of the signals y{k - 2),i=1, ..., I, is finally processed by a Gain Control, where the signal gain is smoothly modified
to achieve a value range that is suitable for the perceptual encoders. The predicted signal frames yp (k- 2),i=1, ..., ],
allow a kind of look ahead in order to avoid severe gain changes between successive blocks. The gain modifications
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are assumed to be reverted in the spatial decoder with the gain control side information, consisting of the exponents
ej(k - 2) and the exception flags g(k - 2),i=1,..., I.

[0023] Fig.2 shows the structure of a conventional architecture of a HOA decompressor, as proposed in ref.[4]. Con-
ventionally, HOA decompression consists of the counterparts of the HOA compressor components, which are obviously
arranged in reverse order. It can be subdivided into a perceptual and source decoding part depicted in Fig.2a) and a
spatial HOA decoding part depicted in Fig.2b).

In the perceptual and side info source decoder, the bit stream is first de-multiplexed into the perceptually coded repre-
sentation of the / signals and into the coded side information describing how to create an HOA representation thereof.
Successively, a perceptual decoding of the / signals and a decoding of the side information is performed. Then, the
spatial HOA decoder creates from the / signals and the side information the reconstructed HOA representation.
Conventionally, spatial HOA decoding works as follows.

In the spatial HOA decoder, each of the perceptually decoded signals %i(k), ie{1, .., I}, isfirstinput to an Inverse Gain

Control processing block together with the associated gain correction exponent e(k) and gain correction exception flag
B{k). The i-th Inverse Gain Control processing provides a gain corrected signal frame JA/,-(k).
All of the I gain corrected signal frames JA/,(k), ie{1, .., I} are passed together with the assignment vector vyg assian (k)

and the tuple sets Mpr(k + 1) and Mygc(k + 1) to the Channel Reassignment. The tuple sets Mpr(k + 1)

and Mygc (k +1) are defined as in Sec. 2.1.1 and the assignment vector vayg assign(k) consists of / components,

which indicate for each transmission channel if and which coeffici(Aant sequence of the ambient HOA component it ciontains.
In the Channel Reassignment the gain corrected signal frames y/(k) are redistributed to reconstruct the frame Xpg(k) of

all predominant sound signals (i.e., all directional and vector based signals) and the frame C, 5yg(k) of an intermediate

representation of the ambient HOA component. Additionally, the set jAMB,ACT (k) of indices of coefficient sequences
of the ambient HOA component, which are active in the k-th frame, and the sets 7]5 (k - 1), 7]) (k - 1), and

7U (k - 1) of coefficient indices of the ambient HOA component, which have to be enabled, disabled and to remain
active in the (k - 1)-th frame, are provided. .
In the Predominant Sound Synthesis the HOA representation of the predominant sound component Cpg(k - 1) is computed

from the frame )A(Ps(k) of all predominant sound signals using the tuple set MDIR (k + 1) and the set {(k + 1) of

prediction parameters, the tuple set MVEC(k + 1) and the sets jE(kA_ 1)5 jD (k - 1)= and 7U(k - 1).
[0024] Inthe Ambience Synthesis, the ambient HOA component frame Cpyg(k - 1) is created from the frame C, pyg(k)

of the intermediate representation of the ambient HOA component, using the set jAMB,ACT (k) of indices of coefficient
sequences of the ambient HOA component which are active in the k-th frame. Note the delay of one frame, which is
introduced due to the synchronization with the predominant sound HOA component. Finally, in the HOA Composition
the ambient HOA component frame &AMB(k - 1) and the frame &Ps(k - 1) of the predominant sound HOA component

are superposed to provide the decoded HOA frame f:(k -1).

[0025] As has become clear from the coarse description of the HOA compression and decompression method above,
the compressed representation consists of / quantized monaural signals and some additional side information. A fixed
number Oy out of these | quantized monaural signals represent a spatially transformed version of the first Oy
coefficient sequences of the ambient HOA component Cppg(k - 2). The type of the remaining / - Oy signals can vary
between successive frame, being either directional, vector based, empty or representing an additional coefficient se-
quence of the ambient HOA component Cpy;g(k - 2). Taken as it is, the compressed HOA representation is meant to be
monolithic. In particular, it is not obvious how to split the representation into a low quality base layer and an enhancement
layer.

[0026] According to the disclosed invention, a candidate for a low quality base layer are the Oy, channels that are
supposed to contain a spatially transformed version of the first Oy, coefficient sequences of the ambient HOA component
Camg(k - 2). What makes these (without loss of generality first) Oy channels a good choice to form a low quality base
layer is their time-invariant type. However, the respective signals lack any predominant sound components, which are
essential for the sound scene. This can be also seen in the computation of the ambient HOA component Cpyg(k - 1),
which is carried out by subtraction of the predominant sound HOA representation Cpg(k - 1) from the original HOA
representation C(k - 1) according to
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Camp(k —1) =C(k—1) — Cps(k - 1) (1)

A solution to this problem is to include the predominant sound components at a low spatial resolution into the base layer.
[0027] The proposed modifications of the HOA compression are given in the following.

[0028] Fig.3 shows the structure of an architecture of a spatial HOA encoding and perceptual encoding portion of a
HOA compressor according to one embodiment of the invention.

[0029] To include also the predominant sound components at a low spatial resolution into the base layer, we propose
to replace the ambient HOA component Cpyg(k - 1), which is output by the HOA Decomposition processing in the spatial
HOA encoder (see Fig. 1a), by a modified version

Campa(k—1)

Camp2(k — 1)

Camp(k—1) = (2)

Campo(k—1)

whose elements are given by

c,(k—1) for 1 <n < Oyn

CAMB'n(k B 1) - {CAMB,n(k - 1) for OMIN +1<n<0 (3)

[0030] In other words, the first Oy coefficient sequences of the ambient HOA component which are supposed to be
always transmitted in a spatially transformed form, are replaced by the coefficient sequences of the original HOA com-
ponent. The other processing blocks of the spatial HOA encoder would remain unchanged.

It is important to note that this change of the HOA Decomposition processing can be seen as an initial operation making
the HOA compression work in a so-called "two layer" mode, namely a mode proving a bit stream that can be split up
into a low quality base layer and an enhancement layer. Using or not this mode can be signalized by a single bit in
access units of the total bit stream.

A possible consequent modification of the bit stream multiplexing to provide bit streams for a base layer and an en-
hancement layer is illustrated in Figs.3 and 4, as described further below.

The base layer bit stream BBASE(k - 2) only includes the perceptually encoded signals Z(k - 2) i=1, .., Omine
and the corresponding coded gain control side information, consisting of the exponents e{k - 2) and the exception flags

Bik-2),i=1, ..., Oyn- The remaining perceptually encoded signals fi(k - 2), i= OMIN + 1, ..., 0 andthe encoded
remaining side information are included into the enhancement layer bit stream. The base and the enhancement layer

bit streams BBASE(k - 2) and BENH (k - 2) are be then jointly transmitted instead of the former total bit

stream B(k — 2).

[0031] InFig.3 and Fig.4, an apparatus for compressing a Higher Order Ambisonics (HOA) signal being an input HOA
representation with input time frames (C(k)) of HOA coefficient sequences is shown. Said apparatus comprises a spatial
HOA encoding and perceptual encoding portion for spatial HOA encoding of the input time frames and subsequent
perceptual encoding, which is shown in Fig.3, and a source coder portion for source encoding, which is shown in Fig.4.
[0032] The spatial HOA encoding and perceptual encoding portion comprises a Direction and Vector Estimation block
301, a HOA Decomposition block 303, an Ambient Component Modification block 304, a Channel Assignment block
305, and a plurality of Gain Control blocks 306.

[0033] The Direction and Vector Estimation block 301 adapted for performing Direction and Vector Estimation process-

ing of the HOA signal, wherein data comprising first tuple sets (MDIR(k)) for directional signals and second tuple sets
(MVEC(k)) for vector based signals are obtained, each of the first tuple sets (MDIR(k)) comprising an index of a

directional signal and a respective quantized direction, and each of the second tuple sets (MVEC(k)) comprising an
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index of a vector based signal and a vector defining the directional distribution of the signals.

The HOA Decomposition block 303 is adapted for decomposing each input time frame of the HOA coefficient sequences
into a frame of a plurality of predominant sound signals (Xpg (k-1)) and a frame of an ambient HOA component (Cayg(k
- 1)), wherein the predominant sound signals (Xpg(k-1)) comprise said directional sound signals and said vector based
sound signals, and wherein the ambient HOA component (CAMB(k - 1)) comprises HOA coefficient sequences repre-
senting a residual between the input HOA representation and the HOA representation of the predominant sound signals,
and wherein the decomposing further provides prediction parameters (£(k-1)) and a target assignment vector (v op(k-
1)), the prediction parameters (§(k-1)) describing how to predict portions of the HOA signal representation from the
directional signals within the predominant sound signals (Xpg(k-1)) so as to enrich predominant sound HOA components,
and the target assignment vector (v 41(k-1)) containing information about how to assign the predominant sound signals
to a given number (I) of channels.

[0034] The Ambient Component Modification block 304 is adapted for modifying the ambient HOA component (Cppg(k
- 1)) according to the information provided by the target assignment vector (v or(k-1)), wherein it is determined which
coefficient sequences of the ambient HOA component (Cppg(k - 1)) are to be transmitted in the given number (l) of
channels, depending on how many channels are occupied by predominant sound signals, and wherein a modified
ambient HOA component (Cy a(k - 2)) and a temporally predicted modified ambient HOA component (Cp y a(k - 1)) are
obtained, and wherein a final assignment vector (v o1(k-2)) is obtained from information in the target assignment vector
(v a(k-1)).

[0035] The Channel Assignmentblock 305 is adapted for assigning the predominant sound signals (Xpg(k-1)) obtained
from the decomposing, the determined coefficient sequences of the modified ambient HOA component (Cy A(k - 2)) and
of the temporally predicted modified ambient HOA component (Cp \ a(k - 1)) to the given number (1) of channels using
the information provided by the final assignment vector (v o1(k-2)), wherein transport signals yj(k - 2),i =1, ..., l and
predicted transport signals yp (k - 2), i = 1, ..., | are obtained.

[0036] The plurality of Gain Control blocks 306 is adapted for performing gain control (805) to the transport signals
(¥i(k - 2)) and the predicted transport signals (yp {(k - 2)), wherein gain modified transport signals (z{k - 2)), exponents
(ej(k - 2)) and exception flags (S(k - 2)) are obtained.

[0037] Fig.4 shows the structure of an architecture of a source coder portion of a HOA compressor according to one
embodiment of the invention. The source coder portion as shown in Fig.4 comprises a Perceptual Coder 310, two Side
Information Source Coders 320,330, namely a Base Layer Side Information Source Coder 320 and an Enhancement
Layer Side Information Encoder 330, and two multiplexers 340,350, namely a Base Layer Bitstream Multiplexer 340
and an Enhancement Layer Bitstream Multiplexer 350.

[0038] The Perceptual Coder 310 is adapted for perceptually coding said gain modified transport signals (z{k - 2)),

wherein perceptually encoded transport signals (2/1 (k - 2), i=1,.., 1) are obtained.
The Side Information Source Coders 320,330 are adapted for encoding side information comprising said exponents

(ei(k - 2)) and exception flags (B(k - 2)), said first tuple sets (MDIR(k)) and second tuple sets (Myec(k)), said
prediction parameters (§(k-1)) and said final assignment vector (v ar(k-2)), wherein encoded side information

(F(k - 2)) is obtained.
The multiplexer 340,350 is adapted for multiplexing the perceptually encoded transport signals (Zl (k - 2)) and the

encoded side information (F(k - 2)) into a multiplexed data stream (B (k - 2))’ wherein the ambient HOA
component (CAMB(k- 1)) obtained in the decomposing step comprises first HOA coefficient sequences of the input HOA

representation (c,(k - 1)) in one or more lowest positions and second HOA coefficient sequences (cayg »(k - 1)) in
remaining higher positions. Further, the first Oy, exponents (efk - 2), i = 1, ..., Opn) and exception flags (Gi(k - 2), i =
1, ..., Oyyn) are encoded in a Base Layer Side Information Source Coder 320, wherein encoded Base Layer side infor-

mation (I'pasz (kK — 2)) is obtained, and wherein Oy = (Nyy + 1)2 and O=(N+1)2, with Ny < N and Oy </ and
Nyn is apredefined integer value. The first Oy perceptually encoded transport signals (ZL (k=2),i=1,.., Omin)
and the encoded Base Layer side information (FBASE (k - 2)) are multiplexed in a Base Layer Bitstream Multiplexer

340, wherein a Base Layer bitstream BBASE(k - 2) is obtained; the remaining / - Oy y exponents (e(k - 2), i = Oy

+1, ..., ) and exception flags (BAk - 2), i = Oy + 1, ..., 1), said first tuple sets (Mpir(k — 1)) and second tuple
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Mygc(k — 1)),

an Enhancement Layer Side Information Encoder 330, wherein encoded enhancement layer side information

sets( said prediction parameters (§(k-1)) and said final assignment vector (va(k-2) are encoded in

(FENH(k_Z)) is obtained. The remaining | - Oyn perceptually encoded transport sig-

nals (Zl(k - 2), i= OMIN +1, ---,1) and the encoded enhancement layer side information (FENH (k - 2)) are
multiplexed in an Enhancement Layer Bitstream Multiplexer 350, wherein an Enhancement Layer bit-

stream (EENH (k - 2)) is obtained. Further, a mode indication LMFg is added in a multiplexer or adder. The mode
indication LMFE signalizes usage of a layered mode, which is used for correct decompression of the compressed signal.
[0039] The proposed modifications of the HOA decompression are given in the following.

[0040] In the layered mode, the modification of the ambient HOA component Cpyg(k - 1) in the HOA compression is
considered at the HOA decompression by appropriately modifying the HOA composition.

In the HOA decompressor, the demultiplexing and decoding of the base layer and enhancement layer bit streams are

performed according to Fig.5. The base layer bit stream BBASE (k)\ is de-multiplexed into the coded representation of
the base layer side information and the perceptually encoded signals. Subsequently, the coded representation of the
base layer side information and the perceptually encoded signals are decoded to provide the exponents e;(k) and the
exception flags on the one hand, and the perceptually decoded signals on the other hand. Similarly, the enhancement
layer bit stream is de-multiplexed and decoded to provide the perceptually decoded signals and the remaining side
information (see Fig.5). With this layered mode, the spatial HOA decoding part also has to be modified to consider the
modification of the ambient HOA component C g (k - 1) in the spatial HOA encoding. The modification is accomplished
in the HOA composition.

In particular, the reconstructed HOA representation

C(k—1)=Cps(k — 1) + Cppp(k — 1) (4)

is replaced by its modified version

¢ (k- 1)
Ck—1) = : ) (5)
¢o(k — 1)
whose elements are given by
éAMB,TL(k — 1) fOI‘ 1 <n< OMIN

20— 1) = | 6)

¢, (k—1) for Oyin +1<n<0

[0041] That means that the predominant sound HOA component is not added to the ambient HOA component for the
first Oy coefficient sequences, since itis already included there. All other processing blocks of the HOA spatial decoder
remain unchanged.
[0042] In the following we briefly consider the HOA decompression in the pure presence of a low quality base layer
bit stream Bgpgg (k).
It is first de-multiplexed and decoded to provide the reconstructed signals %i(k) and the corresponding gain control side

information, consisting of the exponents e;(k) and the exception flags gi(k), i = 1, ..., Oy - Note that in the absence of

the enhancement layer, the perceptually coded signals Zi(k - 2), i=Oynt 1, ..., O, are not available. A possible
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way of addressing this situation is to set the signals %,-(k), i=Oyn* 1 ..., O to zero, which automatically causes the
reconstructed predominant sound component Cpg(k - 1) to be zero.

In a next step, in the spatial HOA decoder, the first Oy,\ Inverse Gain Control processing blocks provide gain corrected
signal frames JA/,(k), i=1, ..., Oyn, Which are used to construct the frame C; opp(k) Of an intermediate representation of

the ambient HOA component by the Channel Reassignment. Note that the set jAMB,ACT (k) of indices of coefficient
sequences of the ambient HOA component, which are active in the k-th frame, contains only the indices 1,2, ..., Oy -

Inthe Ambience Synthesis, the spatial transform of the first Oy, coefficient sequences is reverted to provide the ambient
HOA component frame Cpyg(k - 1). Finally, the reconstructed HOA representation is computed according to eq.(6).

[0043] Fig.5 and Fig.6 show the structure of an architecture of a HOA decompressor according to one embodiment
of the invention. The apparatus comprises a perceptual decoding and source decoding portion as shown in Fig.5, a
spatial HOA decoding portion as shown in Fig.6, and a mode detector adapted for detecting a layered mode indication

LMFp indication that the compressed HOA signal comprises a compressed base layer bitstream (BBASE (k)) and a

compressed enhancement layer bitstream.

[0044] Fig.5 shows the structure of an architecture of a perceptual decoding and source decoding portion of a HOA
decompressor according to one embodiment of the invention. The perceptual decoding and source decoding portion
comprises a first demultiplexer 510, a second demultiplexer 520, a Base Layer Perceptual Decoder 540 and an En-
hancement Layer Perceptual Decoder 550, a Base Layer Side Information Source Decoder 530 and an Enhancement
Layer Side Information Source Decoder 560.

[0045] The first demultiplexer 510 is for demultiplexing the compressed base layer bitstream (Bpase (k))’ wherein

first perceptually encoded transport signals (ii (k), i=1,.., OMIN) andfirstencoded side information (FBASE (k))
are obtained.

The second demultiplexer 520 is for demultiplexing the compressed enhancement layer bitstream (BENH (k))’ wherein

second perceptually encoded transport signals (fi(k), i= OMIN + 1, ey I) and second encoded side information

(FENH (k)) are obtained.
The Base Layer Perceptual Decoder 540 and the Enhancement Layer Perceptual Decoder 550 are adapted for percep-

tually decoding (90A4) the perceptually encoded transport signals (fi(k), i=1,.., 1), wherein perceptually decoded
transport signals (z,(k)) are obtained, and wherein in the Base Layer Perceptual Decoder 540 said first perceptually

encoded transport signals (Z- (k), i=1,.., OMIN) of the base layer are decoded and first perceptually decoded
transport signals (z{k), i =1, ..., Oyy) are obtained. In the Enhancement Layer Perceptual Decoder 550, said second

perceptually encoded transport signals (éi(k), i= OMIN +1, ---,1) of the enhancement layer are decoded and
second perceptually decoded transport signals (z(k), i = Oy N + 1, ..., /) are obtained.

[0046] The Base Layer Side Information Source Decoder 530 is adapted for decoding (905) the first encoded side

information (FBASE (k)), wherein first exponents (efk), i = 1, ..., Oyyn) and first exception flags (5(k), i =1, ..., Oyyn)
are obtained.
The Enhancement Layer Side Information Source Decoder 560 is adapted for decoding (906) the second encoded side

information (FENH (k)), wherein second exponents (e{k), i = Oy + 1, ..., /) and second exception flags (5(k), i =
Omin *+ 1, ..., 1) are obtained, and wherein further data are obtained, the further data comprising a first tuple set

(MDIR(k + 1)) for directional signals and a second tuple set (MVEC (k + 1)) for vector based signals, each tuple
of the first tuple set (MDIR(k + 1)) comprising an index of a directional signal and a respective quantized direction,

and each tuple of the second tuple set (MVEC (k + 1)) comprising an index of a vector based signal and a vector
defining the directional distribution of the vector based signal, and further wherein prediction parameters (§(k+1)) and
an ambient assignment vector (vayg assign(K)) are obtained, wherein the ambient assignment vector (vayg assign(k))

comprises components that indicate for each transmission channel if and which coefficient sequence of the ambient
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HOA component it contains.

[0047] Fig.6 showsthe structure of an architecture of a spatial HOA decoding portion of a HOA decompressor according
to one embodiment of the invention. The spatial HOA decoding portion comprises a plurality of inverse gain control units
604, a Channel Reassignment block 605, a Predominant Sound Synthesis block 606, and an Ambient Synthesis block
607, a HOA Composition block 608.

[0048] The plurality of inverse gain control units 604 for performing inverse gain control, wherein said first perceptually
decoded transport signals (%,(k), i=1, .., Oy are transformed into first gain corrected signal frames (JA/,(k), i=1,.,
Oy according to said first exponents (efk), i = 1,..., Oyyp) and said first exception flags (5(k), i = 1, ..., Oyn), and
wherein said second perceptually decoded transport signals (%,- (k), i=Opgin + 1, ..., ]) are transformed into second gain
corrected signal frames (JA/,-(k), i=0OpgnN + 1, ..., /) according to said second exponents (e{k), i= Oy + 1, ...,/) and said
second exception flags (5(k), i = Oy + 1,-.., /).

The Channel Reassignment block 605 is adapted for redistributing (911) the first and second gain corrected signal
frames (JA/,-(k), i=1, .., ) to I channels, wherein frames of predominant sound signals ()A(Ps(k)) are reconstructed, the

predominant sound signals comprising directional signals and vector based signals, and wherein a modified ambient
HOA component (C,}AMB(k)) is obtained, and wherein the assigning is made according to said ambient assignment vector

Mpr(k + 1), Myge(k + 1)).

(vame assien(k)) and to information in said first and second tuple sets (

Further, the Channel Reassignment block 605 is adapted for generating afirst setof indices (jAMB,ACT(k)) of coefficient
sequences of the modified ambient HOA component that are active in a kth frame, and a second set of indi-

ces (7]3 (k - 1), In (k - 1), Ty (k - 1)) of coefficient sequences of the modified ambient HOA component that have

to be enabled, disabled and to remain active in the (k-1)t" frame.
[0049] The Predominant Sound Synthesis block 606 is adapted for synthesizing (912) a HOA representation of the
predominant HOA sound components (Cpg(k - 1)) from said predominant sound signals (Xpg(k)), wherein the first and

second tuple sets (MDIR(k + 1)= MVEC (k + 1)) the prediction parameters (§(k+1)) and the second set of indi-

ces (Jg (k=1),9p(k — 1), Jy(k — 1)) are used.
[0050] The Ambient Synthesis block 607 is adapted for synthesizing (913) an ambient HOA component (CAMB(k -1))
from the modified ambient HOA component (C, 4145(k)), wherein an inverse spatial transform for the first Oy, channels

is made and wherein the first set of indices (jAMB,ACT(k)) is used, the first set of indices being indices of coefficient

sequences of the ambient HOA component that are active in the kth frame.
[0051] The HOA Composition block 608 is adapted for adding (914) the HOA representation of the predominant HOA

sound components (&Ps(k - 1)) to the ambient HOA component (CAMB (k - 1))= wherein coefficients of the HOA

representation of the predominant sound signals anq corresponding coefficients of the ambient HOA component are
added, and wherein the decompressed HOA signal (C’(k - 1)) is obtained, and wherein, if said layered mode indication
(LMFp) indication indicates a layered mode with at least two layers, only the highest I-Oy;\ coefficient channels are

obtained by addition of the predominant HOA sound components (&Ps(k - 1)) and the ambient HOA compo-
nent (CAMB (k - 1))= and the lowest Oy coefficient channels of the decompressed HOA signal(&’(k-1)) are copied

from the ambient HOA component (CAMB (k - 1))= and if said layered mode indication (LMFp) indication indicates
a single-layer mode, all coefficient channels of the decompressed HOA signal (&’(k - 1)) are obtained by addition of the

predominant HOA sound components (&Ps(k - 1)) and the ambient HOA component(CAMB (k - 1))

[0052] Fig.7 shows transformation of frames from ambient HOA signals to modified ambient HOA signals.

[0053] Fig.8 shows a flow-chart of a method for compressing a HOA signal.

The method 800 for compressing a Higher Order Ambisonics (HOA) signal being an input HOA representation with input
time frames (C(k)) of HOA coefficient sequences comprises spatial HOA encoding of the input time frames and subse-
quent perceptual encoding and source encoding.

[0054] The spatial HOA encoding comprises steps of

performing Direction and Vector Estimation processing 801 of the HOA signal (in a Direction and Vector Estimation

block 301), wherein data comprising first tuple sets (MDIR(k)) for directional signals and second tuple sets
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(MVEC(k)) for vector based signals are obtained, each of the first tuple sets (MDIR(k)) comprising an index of a

directional signal and a respective quantized direction, and each of the second tuple sets (MVEc(k)) comprising an
index of a vector based signal and a vector defining the directional distribution of the signals,

decomposing 802 (in a HOA Decomposition block 303) each input time frame of the HOA coefficient sequences into a
frame of a plurality of predominant sound signals (Xpg (k-1)) and a frame of an ambient HOA component (CAMB(k -1)),

wherein the predominant sound signals (Xpg(k-1)) comprise said directional sound signals and said vector based sound
signals, and wherein the ambient HOA component (Capg(k - 1)) comprises HOA coefficient sequences representing a

residual between the input HOA representation and the HOA representation of the predominant sound signals, and
wherein the decomposing (702) further provides prediction parameters (§(k-1)) and a target assignment vector (v r(k-

1)), the prediction parameters (£(k-1)) describing how to predict portions of the HOA signal representation from the
directional signals within the predominant sound signals (Xpg(k-1)) so as to enrich predominant sound HOA components,

and the target assignment vector (vp 1(k-1)) containing information about how to assign the predominant sound signals

to a given number (I) of channels,
modifying 803 (in an Ambient Component Modification block 304) the ambient HOA component (Capg(k - 1)) according

to the information provided by the target assignment vector (v t(k-1)), wherein it is determined which coefficient se-
quences of the ambient HOA component (Cpy,g(k - 1)) are to be transmitted in the given number () of channels, depending

on how many channels are occupied by predominant sound signals, and wherein a modified ambient HOA component
(Cmalk - 2)) and a temporally predicted modified ambient HOA component (Cp \ A(k - 1)) are obtained, and wherein a

final assignment vector (v5(k-2)) is obtained from information in the target assignment vector (v 1(k-1)),

assigning 804 (in a Channel Assignment block 105) the predominant sound signals (Xpg(k-1)) obtained from the de-
composing, and the determined coefficient sequences of the modified ambient HOA component (Cy a(k - 2)) and of the
temporally predicted modified ambient HOA component (Cp \ alk - 1)) to the given number (1) of channels using the
information provided by the final assignment vector v,(k-2), wherein transport signals y(k - 2), i= 1, ..., | and predicted
transport signals yp,i(k -2),i=1, ..., | are obtained, and

performing gain control 805 to the transport signals yj(k - 2) and the predicted transport signals yp (k - 2) (in a plurality
of Gain Control blocks 306), wherein gain modified transport signals z(k - 2), exponents(ej(k - 2) and exception flags
Bk - 2) are obtained.

[0055] The perceptual encoding and source encoding comprises steps of
perceptually coding 806 (in a Perceptual Coder 310) said gain modified transport signals (z(k - 2)), wherein perceptually

encoded transport signals (Z(k - 2), i=1, ---,1) are obtained,
encoding 807 (in one or more Side Information Source Coders 320,330), side information comprising said exponents

ej(k - 2) and exception flags S{(k - 2), said first tuple sets MDIR(k) and second tuple sets MVEC (k), said prediction
parameters (k-1) and said final assignment vector v, (k-2), wherein encoded side information F(k - 2) is obtained; and
multiplexing 808 the perceptually encoded transport signals (Zl (k - 2)) and the encoded side information

F(k - 2), wherein a multiplexed data stream B(k - 2) is obtained.
The ambient HOA component CAMB(k - 1) obtained in the decomposing step 802 comprises first HOA coefficient se-

quences of the input HOA representation ¢, (k - 1) in one or more lowest positions and second HOA coefficient sequences
camB,n(k - 1) in remaining higher positions.
[0056] The first Oy €xponents ek - 2), i=1,..., Oy y and exception flags gk -2),i=1, ..., Oy are encoded (in a

Base Layer Side Information Source Coder 320), wherein encoded Base Layer side information FBASE (k - 2) is
obtained, and wherein O\ = (Nyyn *+ 1)2and O=(N+1)2, with Ny < Nand Oy </ and Ny is a predefined integer value.

[0057] The first Oy perceptually encoded transport signals ii (k - 2), i= 1, ey OMIN‘ and the encoded Base

Layer side information FBASE (k - 2) are multiplexed 809 (in a Base Layer Bitstream Multiplexer 340), wherein a
Base Layer bitstream BBASE(k - 2) is obtained. The remaining / - Oy exponents efk - 2),i = Oy + 1, ...,/ and

exception flags ik - 2), i = Oyn + 1, ..., [, said first tuple sets MDIR(k - 1) and second tuple sets MVEC (k - 1),
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said prediction parameters £(k-1) and said final assignment vector vx(k-2) (also shown as vayg assign(K) in the Figures)
are encoded (in an Enhancement Layer Side Information Encoder 330), wherein encoded enhancement layer side

information l-‘ENH (k - 2) is obtained.
[0058] The remaining / - Oy Perceptually encoded transport signals Z(k - 2), i= OMIN + 1,..., I and the

encoded enhancement layer side information FENH (k - 2) are multiplexed 810 (in an Enhancement Layer Bitstream

Multiplexer 350), wherein an Enhancement Layer bitstream (BENH (k - 2)) is obtained.
A mode indication is added 811 that signalizes usage of a layered mode, as described above.
[0059] In one embodiment, the method further comprises a final step of multiplexing the Base Layer bitstream

BBASE (k - 2), Enhancement Layer bitstream BENH (k - 2) and mode indication into a single bitstream.

[0060] In one embodiment, said dominant direction estimation is dependent on a directional power distribution of the
energetically dominant HOA components.

[0061] In one embodiment, in modifying the ambient HOA component, a fade in and fade out of coefficient sequences
is performed if the HOA sequence indices of the chosen HOA coefficient sequences vary between successive frames.
[0062] In one embodiment, in modifying the ambient HOA component, a partial decorrelation of the ambient HOA
component Cpy\g(k - 1) is performed.

[0063] In one embodiment, quantized direction comprised in the first tuple sets MDIR(k) is a dominant direction.

[0064] Fig.9 shows a flow-chart of a method for decompressing a compressed HOA signal. In this embodiment of the
invention, the method 900 for decompressing a compressed Higher Order Ambisonics (HOA) signal comprises perceptual
decoding and source decoding and subsequent spatial HOA decoding to obtain output time frames f:(k - 1) of HOA
coefficient sequences, and the method comprises a step of detecting 901 a layered mode indication LMFp indication

that the compressed Higher Order Ambisonics (HOA) signal comprises a compressed base layer bitstream BBASE (k)‘

and a compressed enhancement layer bitstream Benu (k).
[0065] The perceptual decoding and source decoding comprises steps of

demultiplexing 902 the compressed base layer bitstream (BBASE (k))’ wherein first perceptually encoded transport

signals (ii (k), i=1,.., OMIN) and first encoded side information (FBASE (k)) are obtained,

demultiplexing 903 the compressed enhancement layer bitstream (BENH (k))’ wherein second perceptually encoded

transport signals (éi(k), i= OMIN +1, ---,1) and second encoded side information (FENH (k)) are obtained,

perceptually decoding 90A4 the perceptually encoded transport signals (fi(k), i=1,.., 1), wherein perceptually de-
coded transport signals (z;(k)) are obtained, and wherein in a Base Layer Perceptual Decoder 540 said first perceptually

encoded transportAsignaIs (ii (k), i=1,.., OMIN) of the base layer are decoded and first perceptually decoded
transport signals (z{k), i = 1,..., Oy) are obtained, and wherein in an Enhancement Layer Perceptual Decoder 550

said second perceptually encoded transport signals (ZL (k - 2), i=0yn+171,.., I) of the enhancement layer are

decoded and second perceptually decoded transport signals (%,(k), i=0OynN * 1, ..., ]) are obtained,

decoding 905 the first encoded side information (FBASE (k)) in a Base Layer Side Information Source Decoder (530),
wherein first exponents (efk), i=1, ..., Oyn) and first exception flags (5(k), i = 1, ..., Op) are obtained, and

decoding 906 the second encoded side information (FENH (k)) in an Enhancement Layer Side Information Source
Decoder (560), wherein second exponents (e{k), i = Oy * 1, ..., ) and second exception flags (Si(k), i= Oyn + 1, .-

I) are obtained, and wherein further data are obtained, the further data comprising a first tuple set (Mpr(k + 1)) for

directional signals and a second tuple set (MVEC (k + 1)) for vector based signals, each tuple of the first tuple set

(MDIR(k + 1)) comprising an index of a directional signal and a respective quantized direction, and each tuple of
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the second tuple (MVEC (k + 1)) set comprising an index of a vector based signal and a vector defining the directional
distribution of the vector based signal, and further wherein prediction parameters (§(k+1)) and an ambient assignment
vector (vamg assien(k)) are obtained, wherein the ambient assignment vector (vamg assign(k)) comprises components

that indicate for each transmission channel if and which coefficient sequence of the ambient HOA component it contains.
[0066] The spatial HOA decoding comprises steps of .
performing 910 inverse gain control, wherein said first perceptually decoded transport signals (z;(k), i = 1, ..., Oyy) are

transformed into first gain corrected signal frames (JA/,-(k), i=1, ..., Oyqin) according to said first exponents (ei(k), i =1, ...,
Omin) and said first exception flags (8(k), i = 1, ..., Oyn), and wherein said second perceptually decoded transport
signals (z i(k), i=Opn * 1, ..., ]) are transformed into second gain corrected signal frames (y,(k) i=0Oyn+ 1.
according to said second exponents (e/(k), i = Opyy + 1,..., /) and said second exception flags (£(k), i = Oy + 1 I),
redistributing 911 (in a Channel Reassignment block 605) the first and second gain corrected signal frames (JA/,(k), i=
1, ..., l) to | channels, wherein frames of predominant sound signals ()A(Ps(k)) are reconstructed, the predominant sound

signals comprising directional signals and vector based signals, and wherein a modified ambient HOA component
(C,}AMB(k)) is obtained, and wherein the assigning is made according to said ambient assignment vector (vaug assign(k))

and to information in said first and second tuple sets (MDIR(k + 1)= MVEC (k + 1))

generating 911b (in the Channel Reassignment block 605) a first set of indices (jAMB,ACT(k)) of coefficient sequences
of the modified ambient HOA component that are active in the kh frame, and a second set of indices

(7]5 (k - 1),7D (k - 1), 7U (k - 1)) of coefficient sequences of the modified ambient HOA component that have
to be enabled, disabled and to remain active in the (k-1)t" frame,

synthesizing 912 (in the Predominant Sound Synthesis block 606) a HOA representation of the predominant HOA sound
components (Cps(k - 1)) from said predominant sound signals (Xps(k)) wherein the first and second tuple sets

(MDIR(k + 1)= MVEC(k + 1)) the prediction parameters (§(k+1)) and the second set of indi-
ces (7E (k — 1),7D (k- 1),7U(k — 1)) are used,

synthesizing 913 (in the Ambient Synthesis block 607) an ambient HOA component CAMB (k - 1) from the modified
ambient HOA component (C,}AMB(k), wherein an inverse spatial transform for the first Oy, channels is made and wherein

the first set of indices jAMB,ACT (k) is used, the first set of indices being indices of coefficient sequences of the ambient
HOA component that are active in the kth frame, and .
adding 914 the HOA representation of the predominant HOA sound components Cpg(k-1) and the ambient HOA com-

ponent C~AMB (k - 1) (in a HOA Composition block 608), wherein coefficients of the HOA representation of the pre-
dominant sound signals and corresponding coefficients of the ambient HOA component are added, and wherein the

decompressed HOA signal (&(k - 1)) is obtained, and wherein the following conditions apply:

if the layered mode indication (LMFp) indication indicates a layered mode with at least two layers, only the highest
I-Opn coefficient channels are obtained by addition of the predominant HOA sound components (&Ps(k - 1)) and

the ambient HOA component(CAMB (k - 1)) and the lowest Oy, coefficient channels of the decompressed

HOA signal (&(k - 1)) are copied from the ambient HOA component(CAMB (k - 1) )

Otherwise, if the layered mode indication (LMFp) indication indicates a single-layer mode, all coefficient channels of the
decompressed HOA signal (&(k - 1)) are obtained by addition of the predominant HOA sound components (&Ps(k -1))

and the ambient HOA component(CAMB (k - 1))
[0067] In one embodiment, the compressed Higher Order Ambisonics (HOA) signal representation is in a multiplexed
bitstream, further comprising an initial step of demultiplexing the compressed Higher Order Ambisonics (HOA) signal

representation, wherein said compressed base layer bitstream (BBASE (k))’ said compressed enhancement layer
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bitstream (BENH (k)) and said layered mode indication (LMFp) indication are obtained.

[0068] Fig.10 shows details of parts of an architecture of a spatial HOA decoding portion of a HOA decompressor
according to one embodiment of the invention.

[0069] Advantageously, it is possible to decode only the BL, e.g. if no EL is received or if the BL quality is sufficient.
For this case, signals of the EL can be set to zero at the decoder. Then, the redistributing 911 the first and second gain
corrected signal frames (JA/,-(k), i=1, ..., I)to |l channels in the Channel Reassignment block 605 is very simple, since the

frames of predominant sound  signals )A(Ps(k) are empty. The second set of indi-

ces (7]3 (k - 1),7D (k - 1), Jy (k - 1)) of coefficient sequences of the modified ambient HOA component that
have to be enabled, disabled and to remain active in the (k;1)th frame are set to zero. The synthesizing 9A12 the HOA
representation of the predominant HOA sound components Cpg(k - 1) from the predominant sound signals Xpg(k) in the

Predominant Sound Synthesis block 606 can therefore be skipped, and the synthesizing 913 an ambient HOA component

C~AMB (k — 1) from the modified ambient HOA component C,,AMB(k) in the Ambient Synthesis block 607 corresponds

to a conventional HOA synthesis.

[0070] While there has been shown, described, and pointed out fundamental novel features of the present invention
as applied to preferred embodiments thereof, it will be understood that various omissions and substitutions and changes
in the apparatus and method described, in the form and details of the devices disclosed, and in their operation, may be
made by those skilled in the art without departing from the spirit of the present invention.. It is expressly intended that
all combinations of those elements that perform substantially the same function in substantially the same way to achieve
the same results are within the scope of the invention. Substitutions of elements from one described embodiment to
another are also fully intended and contemplated.

It will be understood that the present invention has been described purely by way of example, and modifications of detail
can be made without departing from the scope of the invention.

Eachfeature disclosed in the description and (where appropriate) the claims and drawings may be provided independently
or in any appropriate combination. Features may, where appropriate be implemented in hardware, software, or a com-
bination of the two. Connections may, where applicable, be implemented as wireless connections or wired, not necessarily
direct or dedicated, connections.

Reference numerals appearing in the claims are by way of illustration only and shall have no limiting effect on the scope
of the claims.
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Claims

1. A method (800) for compressing a Higher Order Ambisonics (HOA) signal being an input HOA representation with
input time frames (C(k)) of HOA coefficient sequences, said method comprising spatial HOA encoding of the input
time frames and subsequent perceptual encoding and source encoding, wherein the spatial HOA encoding comprises
steps of:

- performing Direction and Vector Estimation processing (801) of the HOA signal in a Direction and Vector
Estimation block (301), wherein data comprising first tuple sets MDIR(k) for directional signals and second

tuple sets (MVEC(k)) for vector based signals are obtained, each of the first tuple sets (MDIR(k)) com-
prising an index of a directional signal and a respective quantized direction, and each of the second tuple sets

(MVEC(k)) comprising an index of a vector based signal and a vector defining the directional distribution of
the signals;
- decomposing (802) in a HOA Decomposition block (303) each input time frame of the HOA coefficient se-
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quences into a frame of a plurality of predominant sound signals (Xpg (k-1)) and a frame of an ambient HOA

component(CAMB(k - 1))’ wherein the predominant sound signals (Xpg(k-1)) comprise said directional
sound signals and said vector based sound signals, and wherein the ambient HOA component (Cayg(k - 1))

comprises HOA coefficient sequences representing a residual between the input HOA representation and the
HOA representation of the predominant sound signals, and wherein the decomposing (702) further provides
prediction parameters ((k-1)) and a target assignment vector (v, 1(k-1)), the prediction parameters (¢(k-1))

describing how to predict portions of the HOA signal representation from the directional signals within the
predominant sound signals (Xpg(k-1)) so as to enrich predominant sound HOA components, and the target

assignment vector (v 1(k-1)) containing information about how to assign the predominant sound signals to a

given number (l) of channels;

- modifying (803) in an Ambient Component Modification block (304) the ambient HOA component (Cppg(k -
1)) according to the information provided by the target assignment vector (v, 1(k-1)), wherein it is determined
which coefficient sequences of the ambient HOA component (Cyyg(k - 1)) are to be transmitted in the given
number (l) of channels, depending on how many channels are occupied by predominant sound signals, and
wherein a modified ambient HOA component (Cy a(k - 2)) and a temporally predicted modified ambient HOA
component (Cp Ak - 1)) are obtained, and wherein a final assignment vector vj(k-2) is obtained from infor-
mation in the target assignment vector (va (k-1));

- assigning (804) in a Channel Assignment block (105) the predominant sound signals (Xpg(k-1)) obtained from
the decomposing, and the determined coefficient sequences of the modified ambient HOA component (Cy a(k
- 2)) and of the temporally predicted modified ambient HOA component (Cp  a(k - 1)) to the given number (1)
of channels using the information provided by the final assignment vector v(k-2), wherein transport signals
y{k-2),i=1,..land predicted transport signals yp,,-(k -2),i=1,...,] are obtained;

- performing gain control (805) to the transport signals (y;(k - 2)) and the predicted transport signals (yp ;(k - 2))
in a plurality of Gain Control blocks (306), wherein gain modified transport signals (z;(k - 2)), exponents (e{k -
2)) and exception flags (Si(k - 2)) are obtained;

and the perceptual encoding and source encoding comprises steps of

- perceptually coding (806) in a Perceptual Coder (310) said gain modified transport signals (z{k - 2)), wherein

perceptually encoded transport signals (2/1 (k - 2), i=1,.., 1) are obtained;
- encoding (807) in a Side Information Source Coder (320,330), side information comprising said exponents

(e{k - 2)) and exception flags (S(k - 2)), said first tuple sets (MDIR(k)) and second tuple sets (MvEec (k)),
said prediction parameters (§(k-1)) and said final assignment vector (14 (k-2)), wherein encoded side information

(F(k - 2)) is obtained; and
- multiplexing (808) the perceptually encoded transport signals (Zl (k - 2)) and the encoded side information

(F(k - 2))’ wherein a multiplexed data stream (§ (k - 2)) is obtained;

wherein

- the ambient HOA component (Cayg(k - 1)) obtained in said decomposing (802) step comprises first HOA
coefficient sequences of the input HOA representation (c,(k - 1)) in one or more lowest positions and second
HOA coefficient sequences (caypg o(k - 1)) in remaining higher positions;

- the first Oy exponents (efk - 2), i =1, ..., Oyyn) and exception flags (S(k - 2), i = 1,..., Oyyn) are encoded in
a Base Layer Side Information Source Coder (320), wherein encoded Base Layer side information

(pase (k — 2)) is obtained, and wherein Oy = Ny + 1)2 and O=(N+1)2, with Ny, < N and Oy </ and
Ny is a predefined integer value;

- the first Oy, perceptually encoded transport signals (Zt(k -2),i=1,.., Omin) and the encoded Base

Layer side information (FBASE (k - 2)) are multiplexed (809) in a Base Layer Bitstream Multiplexer (340),
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wherein a Base Layer bitstream (BBASE (k - 2)) is obtained;
- the remaining / - Oy exponents (e(k - 2), i = Oy + 1,...,1) and exception flags (Bitk - 2), i = Oy + 1, ....0),

said first tuple sets (MDIR(k - 1)) and second tuple sets (MVEC (k - 1))= said prediction parameters
(¢(k-1)) and said final assignment vector (va(k-2)) are encoded () in an Enhancement Layer Side Information

Encoder (330), wherein encoded enhancement layer side information (FENH (k - 2)) is obtained;
- the remaining /- Oy perceptually encoded transport signals ( Z(k - 2) ,i= Oy + 1.....)) and the encoded
enhancement layer side information (FENH (k - 2)) are multiplexed (810) in an Enhancement Layer Bit-

stream Multiplexer (350), wherein an Enhancement Layer bitstream (BENH (k - 2)) is obtained; and
- a mode indication is added (811) that signalizes usage of a layered mode.

Method according to claim 1, further comprising a final step of multiplexing the Base Layer bitstream

(BBASE (k - 2)) Enhancement Layer bitstream (BENH (k - 2)) and mode indication into a single bitstream.

Method according to claim 1 or 2, wherein said dominant direction estimation is dependent on a directional power
distribution of the energetically dominant HOA components.

Method according to any of the claims 1-3, wherein in modifying the ambient HOA component, a fade in and fade
out of coefficient sequences is performed if the HOA sequence indices of the chosen HOA coefficient sequences
vary between successive frames.

Method according to any of the claims 1-4, wherein in modifying the ambient HOA component, a partial decorrelation
of the ambient HOA component (Capg(k - 1)) is performed.

Method according to any of claims 1-5, wherein quantized direction comprised in the first tuple sets (MDIR(k))
is a dominant direction.

A method (900) for decompressing a compressed Higher Order Ambisonics (HOA) signal, the method comprising
perceptual decoding and source decoding and subsequent spatial HOA decoding to obtain output time frames (C(k
- 1)) of HOA coefficient sequences, and the method comprising a step of

- detecting (901) a layered mode indication (LMFp) indication that the compressed Higher Order Ambisonics

(HOA) signal comprises a compressed base layer bitstream (BBASE (k)) and a compressed enhancement

layer bitstream (BENH (k)); wherein the perceptual decoding and source decoding comprises steps of
- demultiplexing (902) the compressed base layer bitstream (Bpase (k))’ wherein first perceptually encoded

transport signals (Zi(k)s i=1.., OMIN) and first encoded side information (FBASE (k)) are obtained;
- demultiplexing (903) the compressed enhancement layer bitstream (BENH (k))’ wherein second perceptu-
ally encoded transport signals (Zi(k)s i = OMIN +1,.., I) and second encoded side information

(FENH (k)) are obtained;

- perceptually decoding (904) the perceptually encoded transport signals (fi (k), =1, ...,1), wherein percep-
tually decoded transport signals (z;(k)) are obtained, and wherein in a Base Layer Perceptual Decoder (540)

said first perceptually encoded transport signals (Z- (k), i=1,.., OMIN) of the base layer are decoded and
first perceptually decoded transport signals (z;(k), i = 1,...,Opn) are obtained, and wherein in an Enhancement

Layer Perceptual Decoder (550) said second perceptually encoded transport signals
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(2i(k)s [= OMIAN +1, ---,1) of the enhancement layer are decoded and second perceptually decoded
transport signals (z;(k), i = Oyn + 1....,/) are obtained;

- decoding (905) the first encoded side information (FBASE (k)) in a Base Layer Side Information Source
Decoder (530), wherein first exponents (e{k), i = 1,..., Oyn) and first exception flags (5(k), i = 1,..., Oy n) are

obtained; and

- decoding (906) the second encoded side information (FENH (k)) in an Enhancement Layer Side Information
Source Decoder (560), wherein second exponents (e{k), i = Oy * 1...../) and second exception flags (5(k), i

= Oyin * 1....,]) are obtained, and wherein further data are obtained, the further data comprising a first tuple

set (MDIR(k + 1)) for directional signals and a second tuple set (MVEC (k + 1)) for vector based signals,
each tuple of the first tuple set (MDIR(k + 1)) comprising an index of a directional signal and a respective

quantized direction, and each tuple of the second tuple set (MVEC (k + 1)) comprising an index of a vector
based signal and a vector defining the directional distribution of the vector based signal, and further wherein
prediction parameters (§(k+1)) and an ambient assignment vector (vays assign(K)) are obtained, wherein the

ambient assignment vector (vaump assien(k)) comprises components that indicate for each transmission channel
if and which coefficient sequence of the ambient HOA component it contains;

and wherein the spatial HOA decoding comprises steps of

- performing (910) inverse gain control (604), wherein said first perceptually decoded transport signals (%,(k), i
=1,..., Oyin) are transformed into first gain corrected signal frames (;/,-(k), i=1,..., Oyn) according to said first
exponents (e{k), i = 1, ..., Oyn) and said first exception flags (S(k), i = 1, ..., Oyn). and wherein said second
perceptually decoded transport signals (%,- (k), i= OyiN * 1, ....]) are transformed into second gain corrected
signal frames (JA/,-(k), i=OpnN* 1.....]) according to said second exponents (efk), i = Oyn + 1, ...,/) and said
second exception flags (£(k), i = Oyn + 1,--.));

- redistributing (911), in a Channel Reassignment block (605), the first and second gain corrected signal frames
(;/,(k), i=1,..0) to | channels, wherein frames of predominant sound signals ()A(Ps(k)) are reconstructed, the
predominant sound signals comprising directional signals and vector based signals, and wherein a modified
ambient HOA component (CLAMB(k)) is obtained, and wherein the assigning is made according to said ambient

assignment  vector (vampassign(K)  and  to  information  in said first and second tuple
sets(Mpir(k + 1), Mygc(k + 1)),

-generating (911b), inthe Channel Reassignment block (605), afirst set of indices (jAMB,ACT(k)) of coefficient
sequences of the modified ambient HOA component that are active in the kth frame, and a second set of

indices (jE (k - 1);7D (k - 1); jU (k - 1)) of coefficient sequences of the modified ambient HOA compo-
nent that have to be enabled, disabled and to remain active in the (k-1)t" frame;

- synthesizing (912), in a Predominant Sound Synthesis block (606), a HOA representation of the predominant
HOA sound components (&Ps(k - 1)) from said predominant sound signals ()A(Ps(k)), wherein the first and second

tuple sets (MDIR(k + 1)= MVEC (k + 1)); the prediction parameters (£(k+1)) and the second set of indices
(jE(k - 1);7D(k - 1);7U(k - 1)) are used;

- synthesizing (913), in an Ambient Synthesis block (607), an ambient HOA component C~AMB (k - 1) from
the modified ambient HOA component (C; 445(k)), wherein an inverse spatial transform for the first Oy channels

is made and wherein the first set of indices (jAMB,ACT(k)) is used, the first set of indices being indices of
coefficient sequences of the ambient HOA component that are active in the kth framAe; and
- adding (914) the HOA representation of the predominant HOA sound components (Cpg(k - 1)) and the ambient

HOA component (CAMB (k - 1)) in a HOA Composition block (608), wherein coefficients of the HOA rep-
resentation of the predominant sound signals and corresponding coefficients of the ambient HOA component
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are added, and wherein the decompressed HOA signal (&(k - 1)) is obtained, and wherein,

if said layered mode indication (LMFp) indication indicates a layered mode with at least two layers, only the highest
I-Opn coefficient channels are obtained by addition of the predominant HOA sound components (&Ps(k - 1)) and

the ambient HOA component (CAMB (k - 1))= and the lowest Oy;\ coefficient channels of the decompressed

HOA signal (&(k - 1)) are copied from the ambient HOA component (CAMB (k - 1))= and
if said layered mode indication (LMFp) indication indicates a single-layer mode, all coefficient channels of the

decompressed HOA signal (&(k - 1)) are obtained by addition of the predominant HOA sound components (&Ps(k

- 1)) and the ambient HOA component(CAMB (k - 1))’

Method according to claim 7, wherein the compressed Higher Order Ambisonics (HOA) signal representation is in
a multiplexed bitstream, further comprising an initial step of demultiplexing () the compressed Higher Order Am-

bisonics (HOA) signal representation, wherein said compressed base layer bitstream (BBASE (k))’ said com-

pressed enhancement layer bitstream (BENH (k)) and said layered mode indication (LMFp) indication are obtained.

An apparatus for compressing a Higher Order Ambisonics (HOA) signal being an input HOA representation with
input time frames (C(k)) of HOA coefficient sequences, said apparatus comprising a spatial HOA encoding and
perceptual encoding portion for spatial HOA encoding of the input time frames and subsequent perceptual encoding,
and a source coder portion for source encoding,

wherein the spatial HOA encoding and perceptual encoding portion comprises:

- a Direction and Vector Estimation block (301) adapted for performing Direction and Vector Estimation process-
ing of the HOA signal, wherein data comprising first tuple sets (MDIR(k)) for directional signals and second

tuple sets (MVEC(k)) for vector based signals are obtained, each of the first tuple sets (MDIR(k)) com-
prising an index of a directional signal and a respective quantized direction, and each of the second tuple sets

(MVEC(k)) comprising an index of a vector based signal and a vector defining the directional distribution of
the signals;

- a HOA Decomposition block (303) adapted for decomposing each input time frame of the HOA coefficient
sequences into a frame of a plurality of predominant sound signals (Xpg (k-1)) and a frame of an ambient HOA
component (CAMB(k-1)), wherein the predominant sound signals (Xpg(k-1)) comprise said directional sound
signals and said vector based sound signals, and wherein the ambient HOA component (CAMB(k- 1)) comprises
HOA coefficient sequences representing a residual between the input HOA representation and the HOA rep-
resentation of the predominant sound signals, and wherein the decomposing further provides prediction pa-
rameters (§(k-1)) and a target assignment vector (v 1(k-1)), the prediction parameters (§(k-1)) describing how
to predict portions of the HOA signal representation from the directional signals within the predominant sound
signals (Xpg(k-1)) so as to enrich predominant sound HOA components, and the target assignment vector
(va 1(k-1)) containing information about how to assign the predominant sound signals to a given number (1) of
channels;

- an Ambient Component Modification block (304) adapted for modifying the ambient HOA component (Cyg(k
- 1)) according to the information provided by the target assignment vector (v 1(k-1)), wherein it is determined
which coefficient sequences of the ambient HOA component (Cayg(k - 1)) are to be transmitted in the given
number (l) of channels, depending on how many channels are occupied by predominant sound signals, and
wherein a modified ambient HOA component (Cy A(k - 2)) and a temporally predicted modified ambient HOA
component (Cp \ a(k - 1)) are obtained, and wherein a final assignment vector (v4(k-2)) is obtained from infor-
mation in the target assignment vector (v 1(k-1));

- a Channel Assignment block (305) adapted for assigning the predominant sound signals (Xpg(k-1)) obtained
from the decomposing, the determined coefficient sequences of the modified ambient HOA component (Cy a(k
- 2)) and of the temporally predicted modified ambient HOA component (Cp  a(k - 1)) to the given number (1)
of channels using the information provided by the final assignment vector v,(k-2), wherein transport signals
y{k-2),i=1,..land predicted transport signals yp,,-(k -2),i=1,...,] are obtained;
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- a plurality of Gain Control blocks (306) adapted for performing gain control (805) to the transport signals (y;(k
-2)) and the predicted transport signals (yp (k-2)), wherein gain modified transport signals (z;(k - 2)), exponents
(ef(k - 2)) and exception flags (Si(k - 2)) are obtained;

and the source coder portion comprises

- a Perceptual Coder (310) adapted for perceptually coding (806) said gain modified transport signals (z(k - 2)),

wherein perceptually encoded transport signals ( Z(k - 2) ,i=1,...,I) are obtained;
- a Side Information Source Coder (320,330) adapted for encoding (807) side information comprising said

exponents (efk - 2)) and exception flags (B(k - 2)), said first tuple sets (MDIR(k)) and second tuple sets

(MVEC (k) ), said prediction parameters (§(k-1)) and said final assignment vector (v5(k-2)), wherein encoded

side information (F(k - 2)) is obtained; and

- a multiplexer (340,350) for multiplexing (808) the perceptually encoded transport signals (Zl (k - 2)) and

the encoded side information (f(k - 2)) into a multiplexed data stream (B (k - 2))’

wherein

- the ambient HOA component (Cayg(k - 1)) obtained in said decomposing (802) step comprises first HOA
coefficient sequences of the input HOA representation (c,(k - 1)) in one or more lowest positions and second
HOA coefficient sequences (cpyg ,(k - 1)) in remaining higher positions;

- the first Oy exponents (efk - 2), i =1, ..., Oyyn) @nd exception flags (g(k - 2), i = 1,..., Oy,y) are encoded in
a Base Layer Side Information Source Coder (320), wherein encoded Base Layer side information

(Tpase (k — 2)) is obtained, and wherein Oy = Ny + 1)2 and O=(N+1)2, with Ny, < N and Oy </ and
Nyn is a predefined integer value;

- the first O,y perceptually encoded transport signals (Z(k -2).,i=1,.., Opn) and the encoded Base

Layer side information (FBASE (k - 2)) are multiplexed in a Base Layer Bitstream Multiplexer (340), wherein

a Base Layer bitstream (BBASE (k - 2)) is obtained;
- the remaining / - Oy y exponents (efk - 2), i = Oyyn + 1.....1) and exception flags (B(k - 2), i = Oy + 1.-...1),

said first tuple sets (MDIR(k - 1)) and second tuple sets MVEC (k - 1), said prediction parameters (&(k-
1)) and said final assignment vector (v5(k-2)) are encoded in an Enhancement Layer Side Information Encoder

(330), wherein encoded enhancement layer side information (FENH (k - 2)) is obtained;
- the remaining / - Oy perceptually encoded transport signals ( Z (k - 2), ,i=Opin+ 1.....J)and the encoded
enhancement layer side information (FENH (k - 2)) are multiplexed in an Enhancement Layer Bitstream Mul-

tiplexer (350), wherein an Enhancement Layer bitstream (BENH (k - 2)) is obtained; and
- in a multiplexer or adder, a mode indication is added that signalizes usage of a layered mode.

10. The apparatus of claim 9, further comprising two delay blocks (302) for delaying said first tuple set (MDIR(k))
and second tuple set (MVEC (k))

1. AAn apparatus for decompressing a compressed Higher Order Ambisonics (HOA) signal to obtain output time frames
(C(k - 1)) of HOA coefficient sequences, the apparatus comprising a perceptual decoding and source decoding
portion and a spatial HOA decoding portion, and the apparatus comprising

- amode detector adapted for detecting (901) a layered mode indication (LMFp) indication that the compressed
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Higher Order Ambisonics (HOA) signal comprises a compressed base layer bitstream (Bpasg (k) and a

compressed enhancement layer bitstream (BENH (k));

wherein the perceptual decoding and source decoding portion comprises

- afirst demultiplexer (510) for demultiplexing (902) the compressed base layer bitstream BBASE (k)‘ , wherein

first perceptually encoded transport signals (Z- (k), i=1, ---:OMIN) and first encoded side information
(FBASE (k)) are obtained;

- a second demultiplexer (520) for demultiplexing (903) the compressed enhancement layer bitstream
(BENH(k)) wherein second perceptually encoded transport signals (ii (k), [ = OMIN +1, ---,1) and sec-

ond encoded side information (FENH (k)) are obtained;
- a Base Layer Perceptual Decoder (540) and an Enhancement Layer Perceptual Decoder (550) adapted for

perceptually decoding (904) the perceptually encoded transport signals ((fi (k), [= OMIN +1,.., I) i=
1,...,]), wherein perceptually decoded transport signals (z(k)) are obtained, and wherein in the Base Layer

Perceptual Decoder (540) said first perceptually encoded transport signals ((fi (k), [= OMIN +1,.., I) i
=1,...,0n) of the base layer are decoded and first perceptually decoded transport signals (z{k), i =1, ..., Oyin)

are obtained, and wherein in the Enhancement Layer Perceptual Decoder (550) said second perceptually

encoded transport signals ((ii (k), i = OMIN + 1; ---,1) i=Opgn *+ 1, ....]) of the enhancement layer are
decoded and second perceptually decoded transport signals (%,(k), i= Oyt 1.....]) are obtained;

- a Base Layer Side Information Source Decoder (530) adapted for decoding (905) the first encoded side

information (FBASE (k)), wherein first exponents (e(k), i =1, ..., Oyn) and first exception flags (5(k), i =1, ...,
Opin) are obtained; and
-an Enhancement Layer Side Information Source Decoder (560) adapted for decoding (906) the second encoded

side information (FENH (k)), wherein second exponents (e{k), i = Oy *+ 1...../) and second exception flags
(B(k), i= Oyin + 1....,1) are obtained, and wherein further data are obtained, the further data comprising a first

tuple set (MDIR(k + 1)) for directional signals and a second tuple set (MVEC (k + 1)) for vector based
signals, each tuple of the first tuple set (MDIR(k + 1)) comprising an index of a directional signal and a

respective quantized direction, and each tuple of the second tuple set (MVEC (k + 1)) comprising an index
of a vector based signal and a vector defining the directional distribution of the vector based signal, and further
wherein prediction parameters (§(k+1)) and an ambient assignment vector (vayg assign(k)) are obtained, where-

in the ambient assignment vector (vaug assien(k)) comprises components that indicate for each transmission
channel if and which coefficient sequence of the ambient HOA component it contains;

and wherein the spatial HOA decoding portion comprises

- a plurality of inverse gain control units for performing (910) inverse gain control (604), wherein said first
perceptually decoded transport signals (%,-(k), i=1,..,0mn) are transformed into first gain corrected signal
frames (;/,-(k), i=1, ...,0mN) according to said first exponents (e/(k), i =1, ..., Oy ) and said first exception flags
(B(k), i =1,...,0pn), @and wherein said second perceptually decoded transport signals (%,-(k), i=0yN* 1,0
are transformed into second gain corrected signal frames (;/,-(k), i=OpnN * 1....,]) according to said second
exponents (efk), i = Oy *+ 1, ...,/) and said second exception flags (5(k), i = Oyn + 1, --..0);

- a Channel Reassignment block (605) adapted for redistributing (911) the first and second gain corrected signal
frames (;/,(k), i=1,...,]) to | channels, wherein frames of predominant sound signals ()A(Ps(k)) are reconstructed,

the predominant sound signals comprising directional signals and vector based signals, and wherein a modified
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ambient HOA component (C,}AMB(k)) is obtained, and wherein the assigning is made according to said ambient
assignment  vector (vaupassign(K)  and  to  information  in said first and second tuple

Mpir(k + 1), Mygc(k + 1)),

sets (

and adapted for generating (911b) a first set of indices (jAMB,ACT(k)) of coefficient sequences of the modified
ambient HOA component that are active in a kth frame, and a second set of indices

(jE (k - 1)' jD (k - 1)' jU (k - 1)) of coefficient sequences of the modified ambient HOA component that

have to be enabled, disabled and to remain active in the (k-1)th frame;
- a Predominant Sound Synthesis block (606) adapted for synthesizing (912) a HOA representatlon of the
predominant HOA sound components (Cps(k 1)) from said predominant sound signals (Xps(k)) wherein the

first and second tuple sets (MDIR(k + 1)= MVEC(k + 1)) the prediction parameters (§(k+1)) and the
second set of indices (jE (k - 1);7D(k - 1);ju(k - 1)) are used;

- an Ambient Synthesis block (607) adapted for synthesizing (913) an ambient HOA component

(CAMB (k B 1)) from the modified ambient HOA component (C,}AMB(k)), wherein an inverse spatial trans-

form for the first Oy y channels is made and wherein the first set of indices (jAMB,ACT(k)) is used, the first

set of indices being indices of coefficient sequences of the ambient HOA component that are active in the kth
frame; and
- a HOA Composition block (608) adapted for adding (914) the HOA representation of the predominant HOA

sound components (&Ps(k - 1)) to the ambient HOA component (CAMB (k - 1) ) wherein coefficients of the

HOA representation of the predominant sound signals and correspgnding coefficients of the ambient HOA
component are added, and wherein the decompressed HOA signal (C'(k - 1)) is obtained, and wherein,

if said layered mode indication (LMFp) indication indicates a layered mode with at least two layers, only the highest
I-Oyn coefficient channels are obtained by addition of the predominant HOA sound components (&Ps(k - 1)) and

the ambient HOA component (CAMB (k - 1)) and the lowest Oy, coefficient channels of the decompressed

HOA signal (&’(k - 1)) are copied from the ambient HOA component (CAMB (k - 1)) and
if said layered mode indication (LMFp) indication indicates a single-layer mode, all coefficient channels of the

decompressed HOA signal (&’(k - 1)) are obtained by addition of the predominant HOA sound components (&Ps(k
- 1)) and the ambient HOA component (CAMB (k — 1))

Anon-transitory computer readable medium having executable instructions to cause a computer to perform a method
(800) for compressing a Higher Order Ambisonics (HOA) signal being an input HOA representation with input time
frames (C(k)) of HOA coefficient sequences, said method comprising spatial HOA encoding of the input time frames
and subsequent perceptual encoding and source encoding, wherein the spatial HOA encoding comprises steps of:

- performing Direction and Vector Estimation processing (801) of the HOA signal in a Direction and Vector

Estimation block (301), wherein data comprising first tuple sets (MDIR(k)) for directional signals and second

tuple sets (MVEC(k)) for vector based signals are obtained, each of the first tuple sets (MDIR(k)) com-
prising an index of a directional signal and a respective quantized direction, and each of the second tuple sets

(MVEC(k)) comprising an index of a vector based signal and a vector defining the directional distribution of
the signals;

- decomposing (802) in a HOA Decomposition block (303) each input time frame of the HOA coefficient se-
quences into a frame of a plurality of predominant sound signals (Xpg (k-1)) and a frame of an ambient HOA
component (Capg(k - 1)), wherein the predominant sound signals (Xpg(k-1)) comprise said directional sound
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signals and said vector based sound signals, and wherein the ambient HOA component (CAMB(k- 1)) comprises
HOA coefficient sequences representing a residual between the input HOA representation and the HOA rep-
resentation of the predominant sound signals, and wherein the decomposing (702) further provides prediction
parameters (§(k-1)) and a target assignment vector (va 1(k-1)), the prediction parameters (£(k-1)) describing
how to predict portions of the HOA signal representation from the directional signals within the predominant
sound signals (Xpg(k-1)) so as to enrich predominant sound HOA components, and the target assignment vector
(va 1(k-1)) containing information about how to assign the predominant sound signals to a given number (1) of
channels;

- modifying (803) in an Ambient Component Modification block (304) the ambient HOA component (Cppg(k -
1)) according to the information provided by the target assignment vector (v 1(k-1)), wherein it is determined
which coefficient sequences of the ambient HOA component (Cyyg(k - 1)) are to be transmitted in the given
number (l) of channels, depending on how many channels are occupied by predominant sound signals, and
wherein a modified ambient HOA component (Cy A(k - 2)) and a temporally predicted modified ambient HOA
component (Cp \ a(k - 1)) are obtained, and wherein a final assignment vector (v4(k-2)) is obtained from infor-
mation in the target assignment vector (v (k-1));

- assigning (804) in a Channel Assignment block (105) the predominant sound signals (Xpg(k-1)) obtained from
the decomposing, and the determined coefficient sequences of the modified ambient HOA component (Cyy a(k
- 2)) and of the temporally predicted modified ambient HOA component (Cp  a(k - 1)) to the given number (1)
of channels using the information provided by the final assignment vector v,(k-2) wherein transport signals y;(k
-2),i=1,...,land predicted transport signals ypy,-(k -2),i=1,...,] are obtained;

- performing gain control (805) to the transport signals (y;(k - 2)) and the predicted transport signals (yp,(k - 2))
in a plurality of Gain Control blocks (306), wherein gain modified transport signals (z;(k - 2)), exponents (e{k -
2)) and exception flags (Si(k - 2)) are obtained;

and the perceptual encoding and source encoding comprises steps of

- perceptually coding (806) in a Perceptual Coder (310) said gain modified transport signals (z{k - 2)), wherein

perceptually encoded transport signals (Zl(k - 2), i = 1, ey 1) are obtained;
- encoding (807) in a Side Information Source Coder (320,330), side information comprising said exponents

(ej(k - 2)) and exception flags (fi(k - 2)), said first tuple sets (MDIR(k)) and second tuple sets (MVEC(k)) ,
said prediction parameters (§(k-1)) and said final assignment vector (va(k-2)), wherein encoded side information

(F(k - 2)) is obtained; and
- multiplexing (808) the perceptually encoded transport signals (Zl (k - 2)) and the encoded side information

(F(k - 2))’ wherein a multiplexed data stream (§ (k - 2)) is obtained;

wherein

- the ambient HOA component (Cayg(k - 1)) obtained in said decomposing (802) step comprises first HOA
coefficient sequences of the input HOA representation (c,(k - 1)) in one or more lowest positions and second
HOA coefficient sequences (caypg o(k - 1)) in remaining higher positions;

- the first Oy €xponents (efk - 2), i =1, ..., Oyyn) @nd exception flags ((k - 2), i = 1,..., Oy,y) are encoded in
a Base Layer Side Information Source Coder (320), wherein encoded Base Layer side information

(Tpase (k — 2)) is obtained, and wherein Oy = Ny + 1)2 and O=(N+1)2, with Ny, < N and Oy </ and
Ny is a predefined integer value;

- the first Oy perceptually encoded transport signals (Zl(k - 2), i=1,.., OMIN) and the encoded Base

Layer side information (FBASE (k - 2)) are multiplexed (809) in a Base Layer Bitstream Multiplexer (340),
wherein a Base Layer bitstream (BBASE (k - 2)) is obtained;

- the remaining / - Oy exponents (efk - 2), i = Opyy + 1,...,1) and exception flags (Gi(k - 2), i = Oyn + 1, -...1),
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said first tuple sets (MDIR(k - 1)) and second tuple sets (MVEC (k - 1))= , said prediction parameters
(¢(k-1)) and said final assignment vector (v5(k-2)) are encoded () in an Enhancement Layer Side Information

Encoder (330), wherein encoded enhancement layer side information (FENH (k - 2)) is obtained;

- the remaining / - Oy perceptually encoded transport signals ( Z (k - 2), ,i=Opin+ 1.....J) and the encoded

enhancement layer side information (FENH (k - 2)) are multiplexed (810) in an Enhancement Layer Bitstream

Multiplexer (350), wherein an Enhancement Layer bitstream (BENH (k - 2)) is obtained; and
- a mode indication is added (811) that signalizes usage of a layered mode.

13. Anon-transitory computer readable medium having executable instructions to cause a computer to perform a method
(900) for decompressing a compressed Higher Order Ambisonics (HOA) signal, the method comprising perceptual
decoding and source decoding and subsequent spatial HOA decoding to obtain output time frames (f:(k - 1)) of
HOA coefficient sequences, and the method comprising a step of

- detecting (901) a layered mode indication (LMFp) indication that the compressed Higher Order Ambisonics

(HOA) signal comprises a compressed base layer bitstream (BBASE (k)) and a compressed enhancement

layer bitstream (BENH (k)); wherein the perceptual decoding and source decoding comprises steps of
- demultiplexing (902) the compressed base layer bitstream (BBASE (k))’ wherein first perceptually encoded

transport signals (Ei(k)’ i=1.., OMIN) and first encoded side information (FBASE (k)) are obtained;

- demultiplexing (903) the compressed enhancement layer bitstream (BENH (k)) ,Wherein second perceptually

(il(k)s i = OMIN +1, ,I)

encoded transport signals and second encoded side information (FENH (k))

are obtained;

- perceptually decoding (904) the Rerceptually encoded transport signals (ii (k), [ =1, ...,1), wherein percep-
tually decoded transport signals (z;(k)) are obtained, and wherein in a Base Layer Perceptual Decoder (540)

said first perceptually encoded transport signAaIs (ii (k), i=1,.., OMIN) of the base layer are decoded and
first perceptually decoded transport signals (z{k), i= 1, ..., OyN) are obtained, and wherein in an Enhancement

Layer Perceptual Decoder (550) said second perceptually encoded transport signals (ii(k), [ = Oun +
1,...,]) of the enhancement layer are decoded and second perceptually decoded transport signals (%,-(k), i=O0OnmN
+1,...,) are obtained;

- decoding (905) the first encoded side information (FBASE (k)) in a Base Layer Side Information Source
Decoder (530), wherein first exponents (efk), i = 1,..., Oy n) and first exception flags (5(k), i = 1,..., Oyn) are
obtained; and

- decoding (906) the second encoded side information (FENH (k)), in an Enhancement Layer Side Information
Source Decoder (560), wherein second exponents (e{k), i = Oy * 1...../) and second exception flags (5(k), i

= Omin * 1.....1) are obtained, and wherein further data are obtained, the further data comprising a first tuple

set (MDIR(k + 1)) for directional signals and a second tuple set (MVEC (k + 1)) for vector based signals,
each tuple of the first tuple set (MDIR(k + 1)) comprising an index of a directional signal and a respective

quantized direction, and each tuple of the second tuple set (MVEC (k + 1)) comprising an index of a vector
based signal and a vector defining the directional distribution of the vector based signal, and further wherein
prediction parameters (§(k+1)) and an ambient assignment vector (vays assign(K)) are obtained, wherein the

ambient assignment vector (vayg assign(k)) comprises components that indicate for each transmission channel
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if and which coefficient sequence of the ambient HOA component it contains;
and wherein the spatial HOA decoding comprises steps of

- performing (910) inverse gain control (604), wherein said first perceptually decoded transport signals (%,(k), i
=1,..., Oyn) are transformed into first gain corrected signal frames (;/,-(k), i=1,..., Oyn) according to said first
exponents (efk), i =1, ..., Oyn) and said first exception flags (f(k), i = 1, ..., Oy n), and wherein said second
perceptually decoded transport signals (%,-(k), i=OynN * 1,...0) are transformed into second gain corrected
signal frames (;/,-(k), i=0Opgn * 1.....1) according to said second exponents (e{(k), i = Oyn + 1, ...,/) and said
second exception flags (G(k), i = Oy + 1, -...0);

- redistributing (911), in a Channel Reassignment block (605), the first and second gain corrected signal frames
(;/,(k), i=1,..0) to | channels, wherein frames of predominant sound signals ()A(Ps(k)) are reconstructed, the
predominant sound signals comprising directional signals and vector based signals, and wherein a modified
ambient HOA component (&,}AMB(k)) is obtained, and wherein the assigning is made according to said ambient

assignment  vector (vaupassign(K)  and  to  information  in said first and second tuple

sets (Mpr(k + 1), Mygc(k + 1)).

-generating (911b), inthe Channel Reassignment block (605), afirst set of indices (jAMB,ACT(k)) of coefficient
sequences of the modified ambient HOA component that are active in the kth frame, and a second set of
indices (jE (k - 1)'7D (k - 1)' jU (k - 1)) of coefficient sequences of the modified ambient HOA com-
ponent that have to be enabled, disabled and to remain active in the (k-1)th frame;

- synthesizing (912), in a PAredominant Sound Synthesis block (606), a HOQ representation of the predominant
HOA sound components (Cpg(k - 1)) from said predominant sound signals (Xpg(k)), wherein the first and second

tuple sets (MDIR(k + 1)= MVEC(k + 1))
(jE(k - 1)'7D(k - 1)'7U(k - 1)) are used,;

- synthesizing (913), in an Ambient Synthesis block (607), an ambient HOA component (CAMB (k - 1))=
from the modified ambient HOA component (C,,AMB(k)), wherein an inverse spatial transform for the first Oy

the prediction parameters (§(k+1)) and the second set of indices

channels is made and wherein the first set of indices (jAMB,ACT(k)) is used, the first set of indices being
indices of coefficient sequences of the ambient HOA component that are active in trﬂwe kth frame; and
- adding (914) the HOA representation of the predominant HOA sound components (Cpg(k - 1)) and the ambient

HOA component (CAMB (k - 1))= in a HOA Composition block (608), wherein coefficients of the HOA
representation of the predominant sound signals and corresponding coefficients of the ambient HOA component

are added, and wherein the decompressed HOA signal (&(k - 1)) is obtained, and wherein,

if said layered mode indication (LMFp) indication indicates a layered mode with at least two layers, only the highest
I-Opn coefficient channels are obtained by addition of the predominant HOA sound components (&Ps(k - 1)) and

the ambient HOA component (CAMB (k - 1))= and the lowest Oy, coefficient channels of the decompressed
HOA signal (&(k - 1)) are copied from the ambient HOA component (CAMB (k - 1))= and

if said layered mode indication (LMFp) indication indicates a single-layer mode, all coefficient channels of the
decompressed HOA signal (&(k - 1)) are obtained by addition of the predominant HOA sound components (&Ps(k

- 1)) and the ambient HOA component (CAMB (k - 1))
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